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Summary and concluding remarks
Summary and concluding remarks
Plasma membrane proteins form the entrance to the cell for nutrients and signal
from the environment. S.cerevrsrae preferably uses some nutrients, like glucose,
whereas other compounds in the medium may be toxic to the cells. lt is therefore crucial
for a cell to regulate the activity of its plasma membrane proteins in response to nutrient
availabili$ and cellular needs. Regulation ofprotein activity can be achieved at the gene
level by controlling transcription and/or mRNA stability. This only provides long-term
control as many proteins are relatively long-lived (>10 hours) and the activity of these
proteins persists long after gene transcription has been shut off. The cell thus also
needs to regulate protein activity at the level of the catalysts themselves, that is by
modification and/or degradation of the proteins.
In chapter 1 a general overview is given of the mechanisms involved in the
regulation of S.cerevrSrae membrane proteins. Most plasma membrane proteins appear
to be regulated both at the gene and at the protein level. Down regulation of protein
activity usually involves degradation of the protein in the vacuole. In most cases
ubiquitination f plasma membrane proteins appears to be the signal for endocytosis and
subsequent vacuolar degradation. The ubiquitination is often preceded by
phosphorylation r dephosphorylation of the protein.
When glucose is added to S.cerewsrae cells grown on maltose, the maltose
uptake capacity rapidly decreases and the maltose transporter is degraded in the
vacuole. This process is termed catabolite inactivation. This thesis describes the
mechanism of catabolite inactivation of the maltose transporter Mal61p in S.cereyrbiae.
In Chapter 2, we describe the effect of mutations in putative phosphorylation sites of
Mal61p on the catabolite inactivation of the protein. Mutation of serine295, threonine363
or serine487 to alanine decreased the rate of catabolite inactivation of Mal61p in the
presence of glucose. The reduction in maltose uptake capacity and the decrease in
Mal61p levels parallelled each other in the case of the T363A mutation. The other two
mutations, however, had a more severe impact on the stability of the protein than on the
activity of the protein. The S295A mutation fully protected the protein from degradation,
whereas a decrease in the maltose uptake capacity of the cells was still observed, albeit
with a t.',, of 4O min compared to 20 min for the wild type protein. This indicates that
phosphorylation of Mal61p plays a role during catabolite inactivation, and that
degradation and inactivation of the protein are distinct processes that are not necessarily
coupled.
The prevailing view that degradation of a membrane protein requires
ubiquitination, and proceeds via endocytosis and subsequent degradation in the
vacuole, is mainly based on the effects of mutations in the ubiquitn-protein ligase RspSp
and the ubiquitin-protein hydrolase Doa4p on the half-life of a range of plasma
membrane proteins. Direct evidence for ubiquitination f plasma membrane proteins has
in a few cases been obtained, and the actual sites of ubiquitination have only been
determined in even fewer cases.
Ubiquitination is also though to play a role in catabolite inactivation of Mal61p.
This is based on the effects of mutations in the ubiquitination machinery. In general,
such mutations are pleiotropic and it is therefore possible that the effects on catabolite
inactivation are indirect. We tried to find more direct evidence for the involvement of
ubiquitination i  the degradation of Mal61p (Chapter 3). Mal61p was expressed in a
doa4 mutant, that is a strain defective in a ubiquitin-protein hydrolase. Doa4p is
important for ubiquitin homeostasis in S.cerevisiae, and the mutation affected the
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stability of Mal6'lp. Although this observation is consistent with a role for ubiquitination
in catabolite inactivation of Mal61p, it was not possible to rescue the doa4 mutant by the
expression of ubiquitin from a multicopy plasmid.
lf Mal61p is indeed ubiquitinated during catabolite inactivation, this should be
observable as a shift in the migration of the Mal61 protein to a higher molecular weight
species. The protein isolation protocolwas optimised to improve the immunoblotting and
detection procedure. However, none or only a minor fraction of Mal61p shifted to a
higher molecular weight species during catabolite inactivation experiments. Also, in a
S.cerevisrae strain defective in endocytosis, only a minorfraction of Mal61p was found
to be ubiquitinated. Overall, these and other data suggest hat ubiquitination may not be
directly involved in the degradation of Mal61p.
The trigger that causes catabolite inactivation is not extracellular glucose, as
maltose and galactose can elicit a similar response. Using a yeast strain lacking the
maltase enzyme, it was shown that extracellular or intracellular maltose is not sufficient
for catabolite inactivation, but that the sugar needs to be metabolised (Chapter 4).
Glucose analogues were used to determine whether or not further metabolism of the
sugar is required for catabolite inactivation. 6-Deoxyglucose, an analog that is
transported into the cell, but not metabolised further, did not cause catabolite inactivation
of the maltose transporter. On the other hand, 2-deoxyglucose, which is phosphorylated
to deoxyglucose-6-phosphate but not metabolised further in the glycolytic pathway, did
to trigger catabolite inactivation of the maltose transporter. This shows that sugar
phosphorylation is an essential step in catabolite inactivation i  yeast. In cnntrast to what
could be anticipated, there was no correlation between glucose-G-phosphate nd ATP
levels and catabolite inactivation. On the basis of analyses of the cellular levels of sugar
derivatives, it is proposed that (dideory)trehalose and/or (deory)trehalose participate in
the early steps of catabolite inactivation (Chapter 4).
To study the regulation/degradation of plasma membrane proteins in more detail,
it will be necessary to develop in vitro systems in which the modification of the protein
in question can be studied without the interference of cell physiology. However, it
appears to be rather difficult o puriÍy yeast plasma membrane proteins and reconstitute
these into liposomes without losing protein activity. Yeast plasma membrane proteins
in general contain a large number of cysteine residues and some of these may form
disulphate bridges that are critical for their functional conformation. Loss of these
disulphate bonds and/or formation of alternative ones during purification may result in
loss of protein activity.
Another way to study the regulation and/or activity of a protein is via engineering
of the protein through single site mutants or the construction of chimeras from proteins
with a different regulation and/or activity. However, the yeast endoplasmatic reticulum
provides an excellent control machinery that discards proteins when they are not folded
correctly or too slow. We attempted to express chimeric proteins from Mal61p and
Agt1p, two maltose transport proteins with a different substrate specificity and
regulation. None of the chimeric constructs yielded measurable levels of protein,
presumably due to degradation i the ER. To circumvent this problem, we attempted to
express the wild type and chimeric proteins in the Gram-positive bacterium Lactococcus
/actis. Although, the maltose transport protein Mal61p was produced, the transporter
was not active, which may relate to the high number of cysteines in Mal61p, which
contrasts that of L.lactis membrane proteins.
